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Abstract 
Nitrogen discharged to aquatic system can effect in eutrophication. The improper treatment design to remove 
nitrogen could also cause negative effect to atmospheric environment by emission of nitrous oxide (N2O). The 
conventional biological denitrification process under the condition of a low influent COD/N ratio or electron donor to 
electron acceptor ratio, N2O could be detected. However, recently, autotrophic denitrificaiton process named 
ANAMMOX has been applied for nitrogen removal from wastewater containing high NH4+ but low carbon content, 
for example the anaerobically treated swine wastewater in which carbon content was only half of that recommended 
for conventional biological nitrogen removal process. Anammox bacteria were able to use ammonia as electron donor 
and nitrite as electron acceptor under anaerobic condition. This study investigated the N2O production by Anammox 
process operated in SBR reactors with HRT of 4 days by varying influent ammonia to nitrite ratios or electron donor 
to electron acceptor ratios at 0.75:1, and 1:1. The results showed that the substrate consumption mole ratios (∆NO2-
N/∆NH4-N) at the influent ratio of 0.75:1 and 1:1were 2.2:1 and 1.7:1, respectively. Moreover the average N2O of 
1.05 ppm was detected even at the higher influent ratio of 1:1. 
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1. Introduction 
Nitrous oxide (N2O), a greenhouse gas with a severe impact on our environment, resists in the 
atmosphere with concentration of 314 ppbv and globally increases at the alarming rate of 0.31% per year 
[1]. Nowadays, some researchers report that nitrous oxide (N2O) gas could emit considerably from 
agriculture activities; especially farming and wastewater treatment plants (WWTPs) which had led to  
raised up load of nitrogen to environment. Nitrous oxide emissions are involved in several processes in 
wastewater treatment plants. The emission fluxes are extremely variable and up to many operational 
parameters and environmental conditions. Many researchers detected N2O emissions during nitrification 
and denitrification biological wastewater treatment process  [2]-[8]. Because of environmental concerns, it 
should evaluate N2O emission from biological nutrient removal processes. Anammox process, anaerobic 
ammonium oxidation has been interested due to its high capacity to solve high strength nitrogen 
wastewaters containing a low amount of organic carbon. The Anammox process has been suggested to 
nitrogen removal processes by bypassing the formation of NO3- and converting NO2- to N2 gas with NH4+ 
instead of organic carbon as an electron donor. The stoichiometric conversion of NO2- and NH4+ to N2 gas 
with production of the cell material and nitrate is shown below [9]. 
 
NH4+ + 1.32 NO2- + 0.066HCO3- + 0.13H         1.02N2 + 0.26NO3- + 0.066CH2O0.5N0.15 + 2.03H2O    (1) 
 
The aim of this study was to investigate the emission of N2O gas from Anammox reaction in 
sequencing batch reactor (SBR) treated  synthetic wastewater by varying ammonium to nitrite in the 
influent to 0.75:1 and 1:1. 
 
2. Material and methods 
2.1. Stock culture 
Stock culture of Anammox bacteria in which initial seed was obtained from Nongkham Municipal 
Wastewater Treatment Plant was the stock microbe fed with specific substrate to maintain the activity. It 
was orange brown color and was identified by Fluorescence in situ hybridization (FISH) technique before 
use. 
 
2.2 SBR reactor 
Two sequencing batch reactors (SBRs) 2.5 L working volume and 24 hours cycle time were applied in 
this study. The remaining 1.85 L was retained for the next cycle to which 650 mL of new medium was 
added. Mixed gas of argon (95%) and carbon dioxide (5%) were pursed into the reactor during 10-min 
filling period. Fig. 1 illustrated the experimental set-up. A cylindrical vessel installed impeller inside was 
used as sequencing batch reactor (SBRs). The reactor was operated under anaerobic system. 
 
2.3 Synthetic wastewater 
     The composition of the medium was modified from van Dongen et al (2001 a, b) and Isaka et al (2006) 
[10]-[12] as shown in Table 1. The ratios of ammonium to nitrite were 0.75:1 and 1:1 by using the 
concentration of nitrite 100 mgN/L. 
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Fig. 1. Schematic diagram of sequencing batch reactor: (1) influent synthetic wastewater, (2) peristaltic pump, (3) reactor, (4) mixer 
motor, (5) impeller, (6) diffuser, (7) regulator, (8) Ar/CO2 gas, and (9) effluent. 
 
2.4 Experimental method 
 
The experiments were done by varying ammonia to nitrite ratio (NH4+-N/NO2--N) in the influent. 
Concentration of nitrous oxide in gas phase was periodically monitored. Gas sample was taken from the 
headspace by gas tight glass syringe after 23 hours operating in each cycle and analyzed immediately. In 
the same day a sample of effluent was taken, filtrated by 0.45 Pm membrane filter, and NH4+-N, NO2—N 
were determined. 
 
2.5 Analyses 
     Ammonium concentration from both influent and effluent was measured by Phenate method. Nitrite 
concentration was analysed by colorimetric method follows Standard Methods for Examination of Water 
and Wastewater (1998) [13]. The nitrous oxide (N2O) concentration in off-gas from the headspace was 
analysed by Gas Chromatography, Shimudsu 14B. The proportions of microorganisms were identified by 
using Fluorescence in situ hybridization (FISH) technique. The probes of identification were followed in 
Table 2. 
 Table 1  The compositions of synthetic wastewater. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Carbon Source 
  KHCO3         125 g/L 
Trace mineral 
  Na2O3Se•5H2O     0.4 g/L 
           
  MoNa2O4•2H2O  1.1 g/L 
  CuSO4•5H2O    1.25 g/L 
  ZnSO4•7H2O        2.15 
g/L 
  MnCl24H2O      4.95 g/L 
  CoCl2•6H2O       1.2 g/L 
  NiCl2•6H2O      0.95 g/L 
      
Phosphorus Source 
  KH2PO4          25 g/L 
Nitrogen Source  
  (NH4)2SO4               
  NaNO2 
Basic medium 
   MgSO4•7H2O    200 g/L 
   CaCl2               300 g/L 
   Na2EDTA          15 g/L 
   Na2EDTA•2H2O  2 g/L 
   FeSO4•7H2O       1 g/L 
  Trace mineral   0.1 mL/L 
6 
2 
5 3 
4 
8 
7 
1 
9 
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Table 2. The probes used in the experiment. 
 
3. Results and discussion 
3.1 FISH results 
 
      The primary seed of Anammox bacteria stock culture was activated sludge obtained from Nongkham 
Municipal Wastewater Treatment Plant in Bangkok Thailand and culturing with specific substrate for 
more than one year. Before applying to this study, Nitrosomonas and Anammox microorganisms were 
identified by FISH technique. The FISH image of an aggregate from stock culture with probe AMX368 
was shown in Fig. 2a as Anammox bacteria. Nitrosomonas, usually oxidizes ammonium to nitrite under 
aerobic however under anaerobic can oxidize ammonia by utilizing nitrite as an electron acceptor and was 
detected by probe Nsm156 as shown in Fig. 2b. By comparison between two images, it can be seen that 
Anammox bacteria was much more than Nitrosomonas. 
 
 
                                               
 
 
 
 
 
   
 
 
                
Fig. 2. Fluorescent in-situ hybridization image of an aggregate from stock culture with (a) AMX368 (all Anammox organism); green 
colour and (b) Nsm156 (Nitrosomonas); red colour. 
 
                                                                              
3.2 Nitrogen effluent concentration 
 
      The steady state nitrogen concentration for operating influent ammonia to nitrite ratios of 0.75:1 and 
1:1 were showed in the Fig. 3a and 3b, respectively. The operation for 0.75:1 SBR was done by reducing 
concentration of ammonia after start up with influent ammonia concentration of 100 mg N/L, the same 
concentration as in the 1:1 SBR, to 75 mgN/L but still maintain influent nitrite concentration at 100 
mgN/L. 
 
Probes Sequence 
(5’-3’) 
Target groups % 
Formamide 
Lable Refernces 
Nsm156 TAT TAG CAC 
ATC TTT CGA 
Ammonia oxidizing bacteria 
(Nitrosomonas) 
40 Cy3 [14] 
EUB338 GCT GCC TCC 
CGT AGG 
AGT 
Most bacteria 15 FITC [15] 
AMX368 CCT TTC GGG 
CAT TGC GAA 
all Anammox organism 15 FITC [16] 
(a) (b) 
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Fig. 3. The steady state influent and effluent nitrogen concentration when the influent ammonia to nitrite ratio (a) 0.75:1 (b) 1:1. 
 
The influent ammonia to nitrite ratio of 0.75: 1 is the stoichiometric ratio for Anammox reaction 
hence it is expected that both ammonia and nitrite should be consumed completely. However, ammonia 
concentration was still remained at 29±2.2 mgNH4+-N/L which less than ammonia remaining (39.7±3.2 
mgNH4+-N/L) in 1:1 SBR while all nitrite in both SBRs were completely consumed. This was shown 
more clearly in Fig. 4. 
Some nitrite substrate may be consumed by other denitrifying bacteria. Probably, it could be 
heterotrophic denitrifying bacteria even no organic carbon was supplied in the feed; this heterotroph can 
utilize organic carbon from the dead cell lysis of autotrophic Anammox bactetria. The existing 
heterotrophic denitrifying bacteria can competitive use of nitrite, a concurrent used electron acceptor, 
with Anammox bacteria especially when less of ammonia, the autrotrophic electron donor, in the reactor. 
The consumed nitrite to ammonia ratio in 0.75:1 SBR was significant greater than in 1:1 SBR that is 2.2:1 
and 1.7:1 respectively and both are greater than Anammox stoichiometric one (1.32:1) as shown in Fig.5. 
 
 
 
 
Fig. 4. Average influent and effluent ammonium concentration. 
(a) 
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Fig. 5. Ratios of consumed nitrite to ammonia in 0.75:1 and 1:1 SBRs. 
 
3.3 Nitrous oxide (N2O) production  
 
Calculated nitrogen gas production per day of SBR operated at 1-day cycle, 4-day HRT, in which 
completely removal of influent ammonia 75 mg NH4+-N/L and 100 mg NH4+-N/L, were 80 and 106 mL 
at STP, respectively. These nitrogen gas volume produced per day of both SBRs were much less than the 
volume of reactor headspace (800 ml). Besides, during feeding time, mixed gas of 95% Ar and 5% CO2 
was pursed; therefore it could not collect the gas outside the reactor. The measured N2O concentration in 
this study was only comparative values at operating time in cycle of 23 hours after feed. As shown in 
Table 3, applying Anammox stoichiometric, the heterotrophs consumed nitrite (
heter,cal2
NO' ) can be 
calculated. 
The average nitrous oxide concentration in the headspace was 0.83 and 1.05 ppm for 0.75:1 and 1:1 
SBR, respectively. The N2O production to consumed ammonia ('N2O /'NH4+) was no significantly 
difference between two influents ammonia to nitrite ratios. However it shows significantly difference 
when compare to nitrite consumed by other microbe (possible heterotrophic denitrifying 
microorganism).Therefore this nitrous oxide production may relate to other microorganism not only 
Anammox. Itokawa et al. (2001) [17] and Alinsafi et al. (2008) [18] pointed that high nitrous oxide (N2O) 
production was observed at low COD/N or low electron donor to electron acceptor. As the nitrous oxide 
gas was produced from denitrification, Lemair et al. (2006) [19] suggested from the research that N2O 
concentration was about 6 ppm. Yang et al. (2009) [20] reported that N2O production was at 
approximately 2 ppm under low COD/N ratio (5.3). At 0.75:1 SBR, Annamox was more strongly 
competitive use of nitrite by other heterotrophic denitrifiers than 1:1 SBR indicated by higher              
'NO2-/'NH4+. This mean that organic carbon in 0.75:1 SBR may be was more than in 1:1 SBR hence 
N2O production was less. However in the point of view of Anammox, in both influents ammonia to nitrite 
ratio SBRs, nitrite (electron acceptor) was limited in this study and it was not the situation of low electron 
donor to acceptor ratio that can enhance the production of nitrous oxide. 
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Table 3. The comparison of N2O concentration and consumed nitrogen between 0.75:1 and 1:1 SBRs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Conclusion 
In this study, Anammox process in sequencing batch reactor (SBR) under anaerobic condition were 
carried out with two influent NH4+/NO2- ratios (0.75:1, 1:1). The nitrite was completely removed in both 
SBRs and ammonia was remained 30 and 39 mgN/L in 0.75:1 and 1:1 SBR respectively. Anammox 
organism as well as Nitrosomonas in the stock culture can be identified by probe AMX365 and Nsm156 
respectively with Fluorescent in situ hybridization (FISH). The mole ratios consumption (∆NO2-N/∆NH4-
N) at the influent ratio at 0.75:1 and 1:1 were 2.2 and 1.7, respectively. Moreover N2O was detected in a 
range of even the higher ratio 1:1 of stoichiometric averaged at 1.05 ppm. However, the production of 
N2O gas probably partially came from heterotrophic denitrifying microorganism. The competitive use of 
electron acceptor in the system by heterotrophs results to limiting electron acceptor for Anammox. 
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